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(54) TiUe: LASER BEAM MACHINING METHOD 




(57) Abstract: The invention provides a laser beam machining 
method characterized by comprising the steps of mounting a 
protective tape (25) on the surface (3) of a wafer (la), radiating 
laser light (L) by using the back (21) of a wafer (la) as a laser light 
incidence plane with an optical converging point (P) positioned in 
a substrate (15) to thereby form a melt processing region (13) for 
melt processing by multiphoton absorption, forming, by means of 
the melt pxx>cessing region (13), a cutting start region (8) on the side 
within a predetermined distance from the laser light incidence plane 
along a predetermined cutting line (5) on the wafer (la), mounting 
an expand tape (23) on the back (21) of the wafer (la), and stretching 
the expand tape (23) to thereby separate a plurality of chip-like 
portions (24) from each other that are formed by the wafer (la) being 
cut with the cutting start region (8) used as the starting point. 
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mi 5iz:7f:^flti^^^-^l Si(OJ&mMXi>^o ^fc. 1^1 7«s E116tC;^$tt 

[0 0 5 0] mi 5~iii 7Sr#Rg-r-5 ^ 1 & ^m^xh^mB 

Sg^^^MUTVNS, mi 6^#flgi-5i:. e^^^M a<75a®2 iteKii^^jc^^^ 
-rs^^t^^J^^^^-f V5/JS^^$ttTV>S„ mWrf^^y4:^5it. ^z^y^l 

[0 0 5 1 ] ^fc> !j7ai/Nl afi, :^!Jac:/-r— >3>:7-7 5' b (gJ^T TO 
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Fj i:v^5) 1 9?r=s^LTv^:5o :^mmjf^mx'it. OF 1 9 i-imm\^^^-r^m 

[0 0 5 2] ^fc. 01 7Sr#m-r5^. aft. (S i) 

§P4{t. ffe^ttM^ (s i 02) t^hf^^mmmumi i ^rui ? b. mmz 
(w) :d^h^i:^^i(DWMmi 9 aRx^m2(Dmmmi 9 h^mvx^^^^o 

m^l^Bim 17a 1 5 (D^m e ^ tT.-C*5 . *® e Jl^^::^|^av^ 

{;:^fiI^ttT^^$nfcm^?^^^*|!c-tf-lll<^iaj^® 1 9 a ;5S^S$tbXV^S„ 

n 1 (^la^M 19a :BLXfmm 1 5 ft. mm^mm 1 7 a ^iRoii-s j; 5 \^miir ^ 
tT.fc7'7i5^2 0 a ^;Iio-csv^^^:mm&tJ^-^fe^nxv^5o mmmmmi 7 hn 
mmmmm 1 7 a s.t)«B 1 (dwmm 1 9 a .licm ^^x*3 d . mm^mm 1 7 
b ±-e$)o -rm 1 1 9 a ic^fj^^-f-sM^sKt-^ 2 (^ib^ 1 9 b ^ 

tLTV^S„ H 2 (DiB^jg 19b RX}^m 1 OBB^S 1 9 a ft. M^I^^M 1 7 b ^ 

[0 o 5 3] • SK^^^i 7 bJL-efco-r^2oiai^e 1 9 hm±(Dmm\^h 
SFBl*fei^^ 1 7 bo*® (-i-ts^t^h. !j^ai/Ni a<D^®3) jasspffljo^omstT^i 

[00 54] (Hi (D|I»(I) 

[0 0 5 5] El 1 8 ^TJ«I^ 1 9 ft. :^mmmm\^^^ i^-if;bnx:6-^oH 1 m 

mm'tm.mir^tiibo^-^n—^^—h-^h^. -^fc 1^2 o~iii2 2 ft. 

[0 0 5 6] mi S^mm-r^t. *-r. !>^^n1 a(^^©3f::|gji$P4^i^ 
a-f-Sfc^JO^S^'^f ^'l^i^^ bT^«7"'--7'2 5 5r^*-r5 (SI. 0 2 OA) „ 
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[0 0 5 7] ^V^T. ^^y^l a(Dmmi 5(D[Hm^. mm'^M^-fl^Bizr^ 
oX^m^M,miii8^m^-t^ (S3. HI 2 OB) o :iCl-C. 0 2 OB 

[0 0 5 8] r iT% m 1 9 f±. ^14 iz-m^tifz. i/— if;!)PX^ff 100 

>^^*5, :2|5:^ti?^S^-*5V^T. a{i, V— tPinX^ill 0 0<^«g-^l 0 

7\z.^ mm 2 ids^5fc>ffi v^'Xi 0 5 tn^-t^2:o\z:w.m^n^o -rttioib. 

[0 0 5 9] 1^1 4^T>*01 9^0m-t^t. ■^•r. StSl 5 <D«J|Xi|#14:Sr 

1 ^m^i-^ (s 1 0 1) „ 

[0 0 6 0] ^vNTs mmi 5<Dm^. UM. Rxj^m^mm^nm.\^x. t7a^ 

a ©z$A:*-rR]o^S&*Sr^;t-t-5 (SI 0 3) o iJ^^^^iac^?^® 

2 1 bBff^Sg^rtfl!l<OFfS<^{SgJj: i^— if 5fe L (om^%M. P ^-^^-^5 

!>3iXNl a <^«®2 1 \UtLm.'t^ \^—^%-L(DM^M.V^Wmt bfc!^3./Nl a 
[0 0 6 1] l>cc/Nl a l^— if ;l!jnX^g 1 0 0<^ggg-^l 0 7t::!J^3;-/Nl a 
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5 i-S (S 1 0 5) „ RPJ^tLfce^ctxM a(Z)^ffi2 2 lJ^J;!9it 

^^^^1 2 1 tJlJ: DM'^$nrc^^y^-^5'fia^-7^-^5'^SlfP 12 5 

117 (o-^u^com^t^ a (omm 2 1 i^&im-ir^ x 0 f^mMT^—^ ^m. 
(s 1 0 7) „ 

10 [00 6 2] ^(omM.f'-^yx:^T—i:^mmn 115 \z.mhfi^^. :^'r—^jm 

^•^S (SI 0 9) „ rH^^J;«9. m^>^»^l 1 7©-5Xm^«0^.;^56S^ci^^^l 
a CDS® 2 1 iJl^K-rSo ^.e*3, ^^7=^— iJ^AEkS^B 12 5 filS^T^— ^^:^<3v^ 

15 ^-T^— ^fit^WJMl 2 7^i/M^T^::^^ 1 2 9lJ:i|^b^X. ^ tUlC J; ^r^i? 

[00 6 3] -^W-nr^U 127 dti^fc^T" s/7"S 1 0 3 T?i«5:^$ ttfc^SbS 

20 {4ff}aS!>:ji^>l a<ZPa®2 l;5^bFf^S§SfF^^l!li:'^£5 i Z$A;^7^— i^l 1 

31;: J: Y) ^:r,^--i a ^ztti;&-rRjtc^l!j$^^ (s i i i) „ 

[0 0 6 41 ^V^T. V—if^feMl 0 I3d^bl-— lf5feL^^^$-*X. I if 
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'^^v^i^5\^r^ommmM.m^8^m^i 5<Dp^m^m]^-r^ (s 1 1 s) » 

[0 0 6 5] numi 8^0mi-^ t. ^^^^l a(DS®2 ltc:#?it±(D7^ 
jUM.X^^^^y^^<>' ]^^—^2 (S5. 0 2 0 0 □ 

[00 6 6] m^x. mmm.^mmsizr^oxt^=r^y^i a^^mco^^yyvt^ 

^2 4:\zmmir:5 (S 7. 1112 1 A) „ ■t■'&t3•fe.^ 1 a 2 1 (J:^* 

^ tbfc 3idr^/-^^^K7^'-:7'23<D ±;5^ b m Wf^M.'m^ 8 tz: :bii:T :^ 7 ^ 5/ 

t U-ce^cc^'M a =lrt!l»f -rSo l^c^/^l aP^giStCtt 

■yoRif^^Mi^ 8 t^hmm s :s:tKS® 2 1 -^m-r^MM 1 s :is>^ m^mis 
t xmmmMmm s ^js^ i: i.xM.mi!f^± c s j; 5 ^^nft^s;:;^ «r^^ ^ ^xmm u 

[0 0 6 71 i^V^T. •>3.^Nl a(D«®3JJ:^*§tbfc:<!^^7^-7°2 SiC^^ 

mv^mu-r^ (S9. 02 ib) „ '^^x-7'2 sjc^^^v^A^it-rs^ii: 

!>3^/Nl aO^E3/5)^biJJg|i-S (Sll. I1I2 1C) ) „ — 
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[0 0 6 8] ^V^-C. ^a^^^l ai^m^<D^y'^'i^^^2 AK^m-t^ (SI 
3. 0 2 2) -f-^i^-^s 3i^;;^/-?i^K7"— >^2 3^#§g$ii:5nttCj:>5:^|^<D 

[00 6 9] JgilJira b^t i 5 1^:. l^-ifiBX:;^^fe^;I*5V^xfi. 

® 2 1 ^_ht;: LTM-^ 10 7 }L\Z.mM.-t^ ^ i)^'^^ ^(DX% f> rc/N l a (Dm 

[00 7 1] -t-;&*3*,. :*:|^Jfil«Rl(3:^5 — f*;!jnX:3^fe{c itLf^, 1 a 

wif5fcLt;:ct5ae§P4oa^^l55ih-t-5:ii:dS-c^6„ ^fcs S 

*R 1 5 ^^m\^mmmM.^m s ^j^m-r^ :Ltiz.xy). mmmM<mm s ^^m. t u 

1 a/65^egp4=^^i-S^-a'(;:*5V^Tt>»>3./Ni a ^i^i»St--S3f|ff-t-S::i::$s-c 
[00 7 2] ^fc. ;2|5:^J£Mf-^S if ;Dnx:^fefc ctti.fi. ^^^(Dzfi^— h' 
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[0 0 7 3] * fc. mmu 4 (om^un-^ -r 7t l (omM^mj: ^ i:: i o r 

iZlTEG (Tfest Element Group) ^O^tg^^dS?^^$tLXV^Sm'a-t>feSo 

10 0 7 4] ^fc. ;*:^life^?iJlC'^6 1/— if APX^&X'fi. ^.^n i a l;i-:h-f :7 
:3i V? 3 3 ^jii i 5^;^ ^HJ*n-r 5 :i t J; 0 s ^mM. t\^x^=c 

[00 7 5] ^fc. ;2|s:^JifeMt-#5 Ix— ifJtiX;b-^feT-«. Kt^— :/ 

2 3<lrl>3^^-^l atC^^Uyt^J^ls ^S^^t"— 7" 2 5 ^^5fe b-CV^5o Ctb{Cj:o 
-C. §]B>f jg^MilK 8 $ tbfc oi/M a ^flixsr y Zf^Ui^ 2 4 fr®lt!i: $ 

[0 0 7 6] 121 2 3 (4. :^mmm\^m^ i—^iiiiT.-^m(Dm^m^mm-r^ tc 

1 9 (zz^^Hfc^n— h<^;^v^5':/s 1 1 1 (^^j^y^^z^:^ 
25 mc^W)) t^'ry^'S 1 1 3 (SJcK^*^(D?f$fi!c) i ^^atrt«|E]fT 5 <i: =t 
i>3^>^l a^Z$ft:;^[pj{c^»j-rs<35.i:Sfe:®M*^<3^>?f0fiKi:^lrl^Btt::ff5^i: 
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^mMm(Dx. 5 \mm^m.mm 1 3 ^j^^-r^ :Lt\z.ii^^ 1 5 

[00 7 7] HI 2 4 (i. :^mmmM\-^i:^ u—^Mn-^^a:)^ 2 ^iS^y^^-f- 
>^t3— f-efc5„ *fc. lll2 5~El2 7f*s *SimF!l<Srfttl^-t-Sfc«C)Oi> 
o^yNi a (^»f®0-efc§„ ;*:^ife^?!li:Jii&bfcMlll1i«3Jt<^*B3^^f*. (1) 

— ^Sr^-iJ^^fr^J^iV^^, (3) !>^/M a ^^^©5^i/7'*^t$P^2 4l^:5}-^bfc 

[0 0 7 8] S2 4^#Ri-r5i:, ^-f, 1 a O^ffi 3 2 

5^^»-t-;5 (S2 1, 1^2 5A) „ r<^Xmf4. ^ 1 IIJSM(i:*5lt 5^ 

s 1 tw\mf^(DX\ nmf^mM^mm-r^, 

10 0 7 9] ^V^-C. !>=./M a <^«® 2 1 ^Mi-^ (S 2 3, 1^2 5B) » 
[0 0 8 0] ^V^T. !>3i/Nl a ©S^l S^F^gUlJl. -^^^^^^ i^S 

^xmmu^mw.s^m^ir^ (S2 5. 0250 „ m^x. ^^r^^^x^a^m 

Wm(Dmm2 1 iZ^ acds-;^y^•>' Kt^ — >^2 3 (S 2 7. 1^2 6 A) „ 
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[0 0 8 11 ^v^T. Y'r—zf 2 3 %#?S$^5 ^b\Z.iiV). §3®f 

IC. '(i^<7>9^>>'-7":bi§li^2 4^5:v^^^5>i^$■^5 (S2 9. III2 6B) „ :l<0}i 

[0 0 8 2] m^f^x^ ^my^—'^2 5\::m^B^m%iV (S3 1. EI2 6C) . 

umT—y2 5^^:^y^ia(Dmms^^ibmm-i-^ (sss, 11127) „ ^tth 

—^2 3^Wm^'±^:^^^la^mM-t^Jim. (S2 9) ©futJ:=fToTt>^V\ 

[0 0 8 3] ^rn^Mk^^^ if j!jpx^felc*3V^xi*. ±1x6 Lfclg 1 mMWi 
i)f^,^M^8^?i^^X'^ v-if3tLt;::J:SM^4<Da^^ESit-rs;i 

^}asx-#5o ^fc. 5f^i?p{c:^wM^ffi*£8<^?^fiK-r5;i<bici t>. mm 
mj^mms^mM^t vx^zs^y^i ai^im&^^b^^j:t!x^m0:<moxmm\^. 
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[00 8 5] ^fc. :^mMm\^^^ ^ — if;!jpx;b^fejj:*5V^-C{i, ^=>^^^ i a<D 

10 [008 6] 2|s:|llife0iJtc#5 V— if;!)BX:3&•^fe^^:*3V^-Cfi, •J'ai/^ i a <D 

15 PiRj;d5fc5„ — 3idr;^.^N'>'K7^'-:7'2 3<lr#3S$^'5i:s S^15<^?SM2 

stgi 5l^^^^:*5v^-x:^f^^^^^^8;^|S«®2 l{H!l^-0o-cv^ttf^. aidrj^^^y^^- 

Kv=— 2 5 <lr#3S ^ -^5 r t j; 5 51 SS^&;^ ^ i 9 '^^mcmmnM.mM. 8 iJ: 
^Ni a <S:^f|ffi-Sn t:6S-tr#So 

[0 0 8 7] ^fc. :*:|lffi«?iJ{j:#S i^— rJnx:;&-fete:*3V^-Cfi. o^d^;^^-?:/ K 
f^-7'2 3 tr#5S$-^i:Sr,bfcJ;>? !>:^^Nl a omfc<^^5':?'^^t$P5>2 4 
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[008 8] (^8 (ommrn) 

[008 91 0 2 8 tt. :^mmmmK J; 5 u—^M3i:^m(om a mmm trTf^-r 
5 T'f*> m 1 mmmi^xTf: x^t^m 20-022 LJfe:a5 f>ijfc5g-r 

[00 90] ^2 8 ^#RS,-t-5i:^ ^-f, iJ^cii^M a 3 ^"2 

5 ^m^-t^ ( S 4 1 . HI 2 OA) o I9eV^-C. ^ 1 a (D^M 1 5 (D|*3$Pl-x 
^^^^^-Y V5tr?a-oT®l|f^^M^8 <£r3#^i-5 (S43. 020 B) „ 
V^T^ a<^^j®2 1 t::, ^^^^<l^VT—Z^2 S^m^-t^ (S4 5, 

10 0 2OC) o rlxboxmtts ^l^^tLJbxBb/c||i|llifiM{J:*5Jt5>^7"5':7's 
i~s 5 i!piit?fe<^-c% I^?^?fel5fcpj^^-^ii}&i-s„ 

[0 0 9 1] ^V^T. '^«7^-:7'2 5 (31^:^1'^ ^fiiM b (S 4 7. EI 2 IB) . 
7^2 5^^>:^^x•^l a<^*®3;i^G>fJili-^ (S4 9. 0 2 1 C) „ ^1^1. 

^!t-ti(D^1}n^nt>f£\/-'(DX\ m2 lB^t>*|2|2 1 G i^:^$tLTV^5ft^ 1 8 

[0 0 9 2] ^v^-Cs ^=¥>^^-^i/K7^-7*2 3Sr#5S$^5;r:<^lz:J;t). WWi 
MMmM^S^mj^t LTi>:xi^M a <£r^i!:(^)^5':/;y^$p^2 4tz:TOi-5.b 
20 m^(D^y-:^^U^2 4^:s.\^^K^m^'^^ (S5l. g|2 2) „ ^(^irt, 

j^^p^/n-^^Kt^— 7*2 3^#as$*5;ii:J;:J:5§|§gjS;;^7^m2|liS0iJJ; 19 
25 S|ir9-2 4<DrH^l^FBlPS2 6 ^$>tt5o 

[00 9 3] :^mMmi^^^ u— i^^apx:;^^£^^:*5v^Tfi. ±azB i mmm 
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6Xfet, ^^o^>7^Jbt^^2 4^2v^^z:^gti-5.xmi:^|^Bt^^^T5 ^<t/5S 

[0 0 9 5] {m4.(DmMm) 

[0 0 9 6] 0 2 9 fi, 7\^mm^m\^ x ?> i — ■^MJi:^m<Dm 4 mmm^7?:-ir 

leiT^U/c® 2 O~0 2 2 i:, ||2^ife^J{CT:^bfcEl2 5 t^^m\^^J:7i^ibWl 

[0 0 9 7] m2 9^m=m-i-^t. -^-r. a(Dmm3i^^m'r—y2 

5^mmir^ (S6 1. 1212 OA) o ^(DXmH. mimmmi^isif^:^y'y'::f 

s 1 tmm^<DX\ mn^i:mm^mvi&ir^o m^^x^ a ©a® 2 i^m 

m-t^ (S6 3, 02 5B) „ :L<DnLUn. ^2mfe«B|{J:*5(t5;^7"5/7'S 2 3 

mmf'^^-(>'5\^r^oxmmmM.mMiS^m^'r^ (ses, 0250 „ ^ 

So 

[0 0 9 8] ^V^■r. a£^^®2 ll::. a^:3r;^^-?VK7"— :?^2 3^il 

*u (S67. 12120 c) . a\z^:^^m\i-r^:it\cx^mmM^M 

i^Sizr^-oX^a^/^l a^^Wi:(D^y:fi[^U^2 4izmWr\^ (S6 9, 1112 1 

A) . ^mT-y2 si^im^Wi^mMi. (sn. 1^2 ib) . ^mT—-^2 5 
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a (DmMSa^hmMl^ (S7 3^ IH 2 1 C)^ :^^:;^y<l^ y^y^—y 2 

^-g:^ (S7 5, 02 2) „ :Lixb<DJLWi. ^i-i^'tL^^VtzM 1 Mikm^^ 

tt^:^7^5/rs 5~s 1 3tmm^j:<DX\ mmfmm^^vi^-r^o fcfdu. 

mm'^i-i:^'r>y:fs 6 3 ^^:33V^T!^7 3^^^ i a(DUW2 1 ^MJbTV^so-e^ S 
mi 5<Dm^itm2 OC. 112 1A— 2 IC. S:TJf^2 2f3::^$ttfcS^l 5 J: 

(S6 9) OHtf(-fToXt>^V\ 

[00 9 9] :^mmm\zm^ u—^MJi:^m\zi3\^xn. ±vt vtzm i mmm 

[0100] ^fc. :^%mm\zm^ i—i^MiU5^x\±. m i t mm^. 

[0101] :^mm<DmmmmRr^mmm\c-D\-^xmmzmm ufc:d5, 
[0102] m-^\t. ±u\.tLmmm-m:BLXj^^mm\z^\^x\±muh: ut^-^ 
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2. S^t. t&IB^«-htc:i^ltb^T.fc^e$|Si:^-^tp¥^5tfc<^;!jPX^^ife^^ 
»fi-5 i^— if;!jpx;^?feT-fcoX. 

tufBJPX*j-^^fe»©HulB|gaiFP{i!l(75^Mlj:i^S:7 yvA^^* strfSinxM^ 

Huia!}nX*f^«^<^^Eef 7 ^ ^ f^fn^ o T mflS i^— If 3t Al*® bBff ^SgglrtiB!! 

b. B5IB*qx^^i^(^SffilJ:#35tt© 7 ^ /i^Jn <lr3^* b. 
mflB;!JOX*|-^«felJ:^:^^giJpi-S :it\z.ji^ mwmmm.^'mm^nM.t bTHulB 
^JPX^»^^^©lH5^tc-^ilfb. tfriBft^fittO^^/v-A^j^^S^-frS^ iJ^J; 
K> SulB;bpxM^#i(^tulfi^^<7)i^^^:5>ili-Sxa^il;t5s i^-1fADX;^fe„ 

3. g^K^s t&IBS^±f^S5:Jtbftfc«Sgpi:^-^ti'¥=^*^t<D;flPX*r^ife^^ 

Huia;!)PX^^i^(7)tui5fiji^filcD^® ic't^@:7 ^ /i- a b. wia^ipx^^ 
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mmwjiM^^(omm^^^^:yi^r^<>xmmi^—^y6XMm7b^^m^^mi^m 
20 ^yttrmm-t^^Lti-^^mmi^mmm^if^j^i^s ^(omm^mmm^^-ox^ 

25 t)H{JlB;!jnx>5t^i^(^S(ilBmifc<^^5^^^5'gii-rsxa^^x5. i^-if;&px;b-fe„ 
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lfB5>^i5>lf-t-5XS^«;tS. ^-1fJPX:*-ifeo 

7. Mia;!inx*f^i^t2:BuiB^®f®^^:^%?i^fife-t-5BuJ-x mmx.nma<Dm 
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